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Comportement agro-physiologique et biochimique de différents génotypes de féverole (Vicia faba L. var. ‘minor’) 




Objectifs.	 L’objectif	 de	 ce	 travail	 est	 d’étudier	 quelques	 réponses	morphologiques,	 physiologiques	 et	 biochimiques	 à	 la	
sècheresse	chez	la	féverole	et	d’évaluer	la	contribution	du	facteur	génétique	à	l’amélioration	de	la	tolérance	de	cette	espèce	à	
la	sècheresse.





Bellido	et	al.,	2005).	 It	 is	one	of	 the	oldest	and	most	
important	grain	 legumes	grown	 in	 the	Mediterranean	



















Water	 deficit	 is	 a	 major	 environmental	 and	
multidimensional	stress	leading	to	reduced	crop	yield	
worldwide.	 Drought	 severely	 affects	 plant	 growth,	
grain	 yield	 and	 quality,	 and	 causes	 morphological,	
physiological,	 biochemical,	 and	 molecular	 changes	
in	 plants	 (Zarafshar	 et	 al.,	 2014).	However,	 different	
plant	species	can	vary	in	their	sensitivity	and	response	
to	 water	 shortage.	According	 to	Amede	 &	 Schubert	
(2003),	 faba	 bean	 is	more	 sensitive	 to	water	 deficits	
than	common	bean,	pea	and	chickpea.	
Drought	severely	affects	plant	biomass	production	
(Shao	 et	 al.,	 2008)	 and	modifies	 their	morphological	
components	 through	 a	 decrease	 in	 height,	 leaf	 area,	
number	 of	 leaves	 and	 consequently	 plant	 biomass	
production.	 Furthermore,	 yield	 constituents	 such	 as	
grain	 number	 and	 size	 are	 decreased	 (Jaleel	 et	 al.,	
2009).	Water	deficit	 in	faba	bean	causes	a	significant	
reduction	 in	 internode	 length,	 number	 and	 size	 of	
leaves,	 shoot	 dry	 matter,	 number	 of	 pods	 per	 plant	
and	 seed	 production	 (Mwanamwenge	 et	 al.,	 1999;	
Mohamad	 Zabawi	 &	 Dennett,	 2010).	 Reduction	 in	
fresh	and	dry	weight	of	plant	organs,	and	in	leaf	area	
and	 early	maturity,	 are	key	 responses	 to	mitigate	 the	
effect	of	drought	on	plants	(Farooq	et	al.,	2009).	
Drought	affects	many	aspects	of	plant	physiology,	
including	 net	 photosynthesis,	 relative	 water	 content,	
chlorophyll	content	and	photosystem	II	(PSII)	activity	
(Pandey	&	Shukla,	2015).	Values	of	all	these	parameters	
are	 reduced	under	water	 stress	 in	 faba	bean	 (Ammar	
et	 al.,	 2014;	 Siddiqui	 et	 al.,	 2015).	The	maintenance	
of	 high	 net	 photosynthesis	 and	 the	 maintenance	 of	
relative	 water	 content	 constitute	 the	 mechanisms	
by	 which	 drought-tolerant	 soybean	 genotypes	 cope	
with	 water	 deficit	 (Hossaina	 et	 al.,	 2014).	 Various	
physiological	traits	such	as	stomatal	conductance	and	
leaf	 temperature,	which	were	 a	marker	 for	 both	 low	
stomatal	conductance	and	high	transpiration	efficiency,	






faba	 bean	 genotypes,	 lower	 stomatal	 conductance	
was	 associated	 with	 warmer	 leaves.	Among	 various	
mechanisms,	 osmotic	 adjustment	 provided	 by	 the	
synthesis	of	osmoprotectants	 like	proline	may	confer	
tolerance	 to	 drought	 injuries	 by	 maintaining	 high	
tissue	 water	 potential	 (Mohammadkhani	 &	 Heidari,	















Mots-clés.	Vicia faba,	 activité	 enzymatique,	 stress	 dû	 à	 la	 sécheresse,	 croissance,	 caractère	 agronomique,	 tolérance	 à	 la	
sécheresse.
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and	 tea,	 the	 accumulation	 of	 proline	 is	 significantly	
higher	 in	 drought	 tolerant	 cultivars	 and	 is	 used	 as	 a	
marker	for	drought	tolerance	selection	(Rozrokh	et	al.,	
2012;	Maritimi	et	al.,	2015).	Khalafallah	et	al.	(2008)	
reported	 that	 drought	 stress	 resulted	 in	 a	 significant	





often	 lead	 to	 reactive	oxygen	 species	 (ROS)	 in	plant	
cells.	Enhanced	level	of	ROS	causes	oxidative	damage	
to	 membrane	 lipids,	 inhibition	 of	 protein	 synthesis,	
damage	to	nucleic	acids,	and	loss	of	enzyme	activity,	
ultimately	 resulting	 in	 cell	 death	 (Sharma	 et	 al.,	
2012).	 Scavenging	of	 excess	ROS	 is	 achieved	by	 an	
efficient	antioxidative	system	including	nonenzymatic	
mechanisms	 (such	 as	 ascorbate,	 glutathione,	
carotenoids,	 tocopherols,	 and	 phenolics)	 as	 well	 as	
enzymatic	 mechanisms	 (involvement	 of	 superoxide	
dismutase,	catalase,	guaiacol	peroxidase	and	ascorbate	
peroxidase)	 (Sharma	 et	 al.,	 2012).	Wu	 et	 al.	 (2012)	
reported	that	increased	activities	of	enzymes	implicated	
in	 the	 plant’s	 antioxidant	 defense	 system	 controlled	
optimum	ROS	levels	and	therefore	improved	drought	
stress	 tolerance.	 Antioxidant	 enzyme	 activities	 are	
regarded	as	an	indicator	of	genotype	tolerance	to	stress	
conditions	 (Harb	 et	 al.,	 2015.).	Recently,	 antioxidant	
enzyme	 profiles	 provided	 a	 meaningful	 tool	 for	
depicting	 drought	 tolerance	 in	 faba	 bean	 genotypes	
(Siddiqui	et	al.,	2015).
Selecting	 adapted	genotypes	 under	 environmental	
stress	conditions	helps	to	improve	adaptation	and	stress	
tolerance	 in	 cultivars	 (Lopes	 et	 al.,	 2012).	Although	
the	growth	and	development	of	 faba	bean	 in	 relation	
to	 water	 deficit	 have	 been	 extensively	 studied,	 the	






the	 morphological,	 physiological	 and	 biochemical	
responses	 of	 faba	 bean	 genotypes	 to	 drought	 stress,	
to	 determine	 potential	 traits	 related	 to	 the	 tolerance	
of	water	deficits,	and	to	identify	sensitive	and	tolerant	
genotypes.
2. MATERIALS AND METHODS
2.1. Plant materials and culture conditions
The	trials	were	carried	out	at	the	Experimental	Station	
of	 the	Biotechnology	Center	of	Borj	Cedria,	Tunisia,	








‘VIR	490’,	 ‘VIR	2040’,	 ‘VIR	2128’	 and	 ‘Triple	
white’)	 were	 received	 from	 the	 International	 Center	
for	Agricultural	Research	in	the	Dry	Areas	(ICARDA,	
Aleppo,	 Syria),	 while	 the	 remaining	 four	 genotypes	
are	 cultivated	 in	 Tunisia	 (Table 1;	 ‘Mahasen’,	
‘Saber	 02’,	 ‘Local	 Beja’	 and	 ‘Hara’).	 ‘NEB	482’	
and	 ‘Triple	white’	 cultivars	 originated	 from	Ethiopia	
Table 1. Geographic	origin	and	mean	duration	(in	days)	needed	to	reach	50%	flowering	for	different	faba	bean	cultivars	used	
in	this	study	—	Origine géographique et durée moyenne (en jours) requise pour atteindre 50 % de floraison chez 11 cultivars 
de féverole utilisés dans cette étude.
Numbers Cultivar Country Province Latitude Longitude Flowering date (days)
1 ‘F.	390’ Egypt Aswan N24	26 E32	57 61
2 ‘Giza	3’ Egypt Giza N30	01 E31	10 71
3 ‘VIR	2040’ Libya Tripoli N32	48 E13	08 71
4 ‘VIR	2128’ Libya Mistratah N32	24 E15	03 70
5 ‘VIR	490’ Algeria Kabylie N36	42 E04	13 72
6 ‘NEB	482’ Ethiopia Gamo	Gofa N05	51 E36	32 67
7 ‘Triple	white’ Sudan Al	Salama N33	99 E17	84 69
8 ‘Saber	02’ Tunisia Beja N36	31 E09	10 75
9 ‘Local	Beja’ Tunisia Beja N36	33 E09	12 76
10 ‘Hara’ Tunisia Kef	 N36	15 E08	19 75
11 ‘Mahasen’ Tunisia Kef	 N36	16 E08	21 77
4 Biotechnol. Agron. Soc. Environ. 2017	21(2),	 Abid	G.,	Hessini	K.,	Aouida	M.	et	al.
and	Sudan	 respectively,	 and	 are	 adapted	 to	 a	 tropical	
climate.	 ‘Giza	3’	 and	 ‘F.	390’	 originated	 from	Egypt;	

















each	 pot	 was	 irrigated	 with	 half-strength	 Hoagland	
solution	 (Hoagland	&	Arnon,	 1950)	 before	 exposure	
to	 drought	 stress,	 which	 was	 imposed	 25	days	 after	
sowing	when	seedlings	reached	the	four	leaf	stage.	All	
plants	were	grown	in	individual	pots.	Deficit	irrigation	
treatments	 were	 applied	 as	 follows:	 well-watered	
control	(90%	FC);	moderate	drought	stress	(50%	FC)	
and	 severe	 drought	 stress	 (30%	 FC).	 Cultivars	 and	
stress	 treatment	 consisted	 of	 three	 replications,	 with	







parameters	 were	 evaluated	 at	 the	 flowering	 stage;	
however,	 physiological	 and	 biochemical	 parameters	
were	determined	after	30	days	of	water	stress	induction.	
Grain	yield	was	measured	at	grain	maturity	stage.
2.2. Measurements of photosynthetic gas exchange 
The	 third	 totally	 expanded	 leaf	was	 used	 to	 evaluate	










2.3. Relative water content (RWC) 
Relative	water	content	was	determined	as	described	by	
Galmes	 et	 al.	 (2007).	 The	 uppermost	 fully	 expanded	
leaf	of	the	main	stem	was	weighed	(fresh	weight,	FW)	
and	 then	 turgid	 leaf	weight	 (TW)	was	 obtained	 after	





2.4. Chlorophyll content 
The	 youngest	 fully	 expanded	 leaves	 (1	g)	 were	
homogenized	in	5	ml	of	80%	acetone.	The	homogenate	
was	 centrifuged	 at	 3000	x	g	 for	 5	min	 and	 the	
supernatant	 was	 collected.	 The	 absorbance	 of	 the	
extract	 was	 read	 at	 663	 and	 645	nm.	 Chlorophyll	a	
(Chla)	and	b	(Chlb)	and	total	chlorophyll	(Chlt)	content	

















2.5. Proline content 
The	 proline	 content	 was	 determined	 according	 to	
Yooyongwech	 et	 al.	 (2012).	One	 hundred	milligrams	
of	 fresh	 material	 was	 homogenized	 with	 10	ml	 of	 a	




reaction	was	 terminated	 at	 room	 temperature	 (25	°C)	
for	 5	min.	 The	 absorbance	 at	 520	nm	 was	 measured	
immediately	 by	 spectrophotometer	 (Spectro	 UV-Vis	
Dual	 Beam	 PC,	 UV-S-2007;	 LABOMED,	 INC.).	
L-proline	was	used	for	standard	curve	construction.
2.6. Soluble sugar content 






with	 5	ml	 of	 5%	 phenol	 (v/v)	 and	 5	ml	 of	 sulphuric	





The	 total	 protein	 content	 was	 determined	 according	
to	 the	 Bradford	 (1976)	 method	 using	 bovine	 serum	
albumin	(BSA)	as	a	standard.
Faba	bean	response	to	water	deficit	stress	 5
2.8. Assays of antioxidant enzymes 
Fresh	and	fully	expanded	 leaves	 (1	g)	were	collected	
after	30	days	of	water	stress	at	different	water	deficit	
treatments	 for	 enzymatic	 assays.	 Total	 superoxide	
dismutase	 (SOD)	 activity	 was	 assayed	 using	 the	
nitroblue	 tetrazolium	 (NBT)	 method	 of	 Beauchamp	
&	Fridovich	(1971).	The	2	ml	assay	reaction	mixture	
consisted	 of	 50	mM	 of	 phosphate	 buffer	 (pH	 7.8),	
2	mM	 of	 EDTA,	 9.9	mM	 of	 methionine,	 55	µM	 of	
NBT,	2	µM	of	riboflavin	and	20	µl	of	the	supernatant.	
The	reaction	was	initiated	by	illuminating	the	samples	
under	 a	 light	 source	 for	 15	min.	Absorbance	 of	 the	
samples	 was	 measured	 immediately	 after	 stopping	
the	 reaction	 at	 560	nm	 (Hasheminasab	 et	 al.,	 2012).	
Catalase	(CAT)	activity	was	determined	according	 to	





	 decomposition	 was	 followed	 as	 a	 decrease	 in	
absorbance	 at	 240	nm.	 The	 assay	 mixture	 contained	

















(Hasheminasab	 et	 al.,	 2012).	 Guaiacol	 peroxidase	
(GPX)	 activity	 was	 determined	 using	 the	method	 of	
Plewa	 et	 al.	 (1991).	 The	 extinction	 coefficient	 (ε	=	
25.5	mM.cm-1	 at	 470	nm)	 was	 used	 to	 calculate	 the	

















caused	 the	 enzyme	 to	 produce	 a	 colorful	 product.	
Ascorbate	peroxidase	(APX)	activity	was	measured	by	
the	decrease	in	absorbance	at	290	nm	(Hasheminasab	
et	 al.,	 2012)	 as	 the	 ascorbate	 was	 oxidized	 using	
the	 method	 of	 Nakano	 &	Asada	 (1981)	 with	 minor	






the	 concentrations	 of	 0.5	mM,	 1.5	mM	 and	 50	mM	
respectively.	
2.9. Statistical analysis 
Data	 were	 subjected	 to	 an	 analysis	 of	 variance	
(ANOVA),	 and	 means	 and	 standard	 errors	 were	
calculated.	All	 measurements	 were	 performed	 at	 the	
three	levels	of	water	deficit	and	in	the	three	replicates.	
All	 morphological,	 physiological,	 and	 biochemical	
parameters	 were	 subjected	 to	 a	 one-way	 analysis	
(p	<	0.001)	 and	 compared	 using	 Tukey’s	 test	 at	 5%	
of	probability.	The	statistical	analysis	was	performed	
using	 SYSTAT	 8.0	 software	 (https://systatsoftware.
com/).	
3. RESULTS
3.1. Effects of water deficit stress on growth of faba 
bean plants
The	 effects	 of	 water	 deficit	 stress	 on	 the	 growth	
parameters	 of	 faba	 bean	 plants	 are	 presented	 in	
table 2.	 The	 data	 revealed	 significant	 differences	
(p	<	0.05)	 among	 the	 treatments	 and	 cultivars	 for	 all	
the	 studied	 traits	except	 for	days	 to	flowering.	Water	
deficit	significantly	(p <	0.05)	reduced	the	plant	height	
of	all	cultivars,	and	the	shortest	plants	were	observed	
at	 30%	 FC.	 Furthermore,	 drought	 stress	 conditions	
caused	 a	 decrease	 in	 the	 leaf	 area	 compared	 to	 non-
stress	 conditions.	 In	 general,	 plant	 leaf	 area	 differed	
significantly	between	studied	cultivars.	Under	control	
conditions,	‘VIR	490’	had	the	largest	leaf	area	(703.85	
±	 19.59	cm2.plant-1),	 while	 ‘Mahasen’	 and	 ‘F.	 390’	




leaf	 surface	 similar	 to	 control	 plants	 at	 50%	 FC.	
However,	leaf	area	reduction	in	other	cultivars	ranged	
from	 12.30%	 to	 50.21%	 in	 ‘Hara’	 and	 ‘VIR	490’	
respectively.	 At	 30%	 FC,	 leaf	 area	 decreased	 from	
16.90%	 to	 75.00%	 in	 ‘Mahasen’	 and	 ‘Saber	02’	
respectively.	Differences	in	shoot	and	root	fresh	weight	
as	responses	to	drought	were	found	among	the	studied	







and	 ‘Mahasen’	 (37.40%	 and	 35.04%	 respectively)	
under	 the	 same	 stress	 level.	At	 50%	FC	 level,	 shoot	
fresh	weight	was	not	affected	by	water	shortage	stress.	
There	 were	 no	 significant	 differences	 in	 root	 fresh	
weight	 under	 drought	 stress	 and	 the	 reduction	 was	
found	 to	be	more	marked	 in	 ‘Triple	white’	 (71.54%)	
than	in	other	cultivars.
Water	 deficit	 reduced	mean	 grain	 yield	 as	 shown	
in	figure 1.	The	 level	of	grain	yield	 reduction	varied	
according	 to	 the	 cultivar.	 ‘Giza	3’,	 ‘Hara’,	 and	
‘NEB	482’	showed	a	 reduction	 in	grain	yield	at	50%	
FC	 of	 18.9%,	 25.7%	 and	 28.1%	 respectively,	 while	
other	cultivars	such	as	‘Triple	white’,	‘VIR	490’,	and	
‘VIR	2128’	exhibited	higher	reductions	(35.7%,	40.9%,	
and	44.7%	respectively)	at	 this	FC.	 Interestingly,	 the	
obtained	data	revealed	that	some	genotypes	displayed	
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which	had	a	medium	yield	at	50%	FC	
(16.34	±	 1.87	g.plant-1),	 showed	 the	
best	 yield	 at	 30%	 FC	 (8.95	±	 2.36	g.
plant-1).
3.2. Effects of water deficit stress on 
leaf gas exchange
Table 3	 shows	 the	 effects	 of	 water	
deficit	stress	on	the	leaf	gas	exchange	
parameters	 in	 the	 studied	 cultivars.	
The	 net	 CO
2
	 assimilation	 rate	 (A)	
decreased	 in	 all	 genotypes	 under	
drought	stress	as	compared	to	control.	
This	rate	was	slightly	reduced	at	50%	
FC	 in	 ‘Hara’,	 ‘Saber	02’	 and	 ‘Local	
Beja’,	whereas	a	 significant	 reduction	
was	 observed	 in	 all	 studied	 cultivars	
at	 30%	 FC	 as	 compared	 to	 control	
conditions	 (Table 3).	 In	 relation	
to	 the	 control	 treatment,	 stomatal	
conductance	(gs)	was	slightly	lower	at	
50%	FC	in	the	studied	plant	material,	
with	 the	 exception	 of	 ‘VIR	490’	 and	
‘Triple	 white’;	 on	 the	 other	 hand,	 a	
large	 decrease	 in	 gs	 occurred	 in	 all	
at	 30%	 FC,	 with	 the	 exception	 of	
‘Giza	3’.	In	well-watered	treatment,	no	
significant	 difference	 in	 transpiration	
rate	 (E)	 was	 found	 among	 studied	
cultivars,	 while	 in	 drought-stressed	
plants	 the	 transpiration	 rate	 (E)	
decreased	 gradually	 throughout	 the	
assay,	without	 a	 significant	difference	
between	 cultivars.	A	 similar	 response	







water-stressed	 cultivars.	 With	 regard	
to	 mesophyl	 conductance	 (A/Ci)	 for	
all	 cultivars,	 drought-stressed	 plants	
showed	a	significant	decrease	in	the	A/
Ci	compared	with	well-watered	plants.
3.3. Effects of water deficit stress on 
relative water content 
The	 effect	 of	 water	 deficit	 on	 leaf	
relative	 water	 content	 (RWC)	 is	
shown	 in	 table 4.	 The	 RWC	 showed	
differences	between	cultivars	and	was	
significantly	 (p <	0.05)	 reduced	 under	
water	deficit	 stress.	The	decrease	was	



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































was	 recorded	 in	 ‘VIR	490’	 and	 ‘Triple	white’	 cultivar.	
Conversely,	 higher	 values	 were	 noted	 in	 ‘VIR	2128’,	
followed	by	‘Hara’,	‘Local	Beja’	and	‘Saber	02’.	
3.4. Effects of water deficit stress on chlorophyll, 
soluble sugars, proline and protein content
Induced	 drought	 stress	 significantly	 influenced	
chlorophyll,	soluble	sugars,	proline	and	protein	content	




rate,	 but	 significantly	 reduced	 the	Chlb	 content	with	




Under	non	 stress	 conditions,	 the	 tested	genotypes	
did	 not	 differ	 significantly	 for	 protein	 quantity.	
However,	water	deficit	stress	increased	protein	content	
in	all	studied	cultivars	except	for	‘VIR	490’	(Table 4).	
This	 increase	 was	 more	 pronounced	 in	 ‘VIR	2040’	
(151.23%),	 ‘Saber	02’	 (136.46%)	 and	 ‘F.	390’	
(136.17%).	
Proline	amount	also	increased	as	a	result	of	water	
deficit	 stress	 for	 all	 genotypes.	However,	 the	 highest	
increases	 were	 observed	 in	 leaves	 of	 ‘VIR	490’	
(202.30%)	 and	 ‘F.	390’	 (197.12%),	 and	 the	 lowest	
in	 ‘Local	 Beja’	 (42.27%).	 It	 is	 noteworthy	 that	 this	
increase	was	more	evident	at	30%	FC	than	at	50%	FC.	
As	with	the	protein	and	proline	rate,	the	increases	in	
leaf	 soluble	 sugars	 (Table 4)	were	more	conspicuous	
in	 all	 studied	 cultivars.	 The	 highest	 increases	 were	
observed	 in	 ‘Hara’	 (833%)	 and	 the	 lowest	 in	 ‘Local	
Beja’	(52%)	at	30%	FC.
3.5. Effect of water deficit stress on antioxidant 
enzyme activities
The	 activities	 of	 antioxidant	 enzymes	 are	 shown	 in	
table 5.	 Total	 CAT,	 SOD,	 APX	 and	 GPX	 activities	






as	 drought	 increased.	 However,	 CAT	 activity	 in	







APX	 activity	 either	 slightly	 increased	 or	 remained	
unchanged	for	other	cultivars	under	drought	stress.	The	
maximum	increase	in	the	GPX	activities	was	observed	
in	 ‘Hara’	 and	 ‘Saber	02’	 (2.85	times	 and	 2.44	times	
respectively),	while	the	minimum	increase	was	found	
in	 the	 cultivar	 ‘Local	 Beja’	 (0.6	times)	 compared	 to	
the	 control.	Among	 the	 cultivars,	 ‘Giza	3’,	 ‘F.	390’,	
‘VIR	490’	 and	 ‘VIR	2040’	 exhibited	 a	 decrease	 in	
GPX	 activity	 at	 30%	 FC.	 The	 activity	 of	 SOD	 was	
lower	 compared	 to	 other	 antioxidant	 enzymes	 in	 all	
studied	genotypes	and	under	both	moderate	and	severe	










growth	 and	yield	 processes	 have	 been	 discussed	 and	
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Figure 1.	Effect	of	water	stress	on	grain	yield	—	Effet du 
stress hydrique sur le rendement en grain. 
Data	are	presented	as	mean	±	standard	deviation	(SD)	—	les 
données sont présentées en moyenne ± écart-type;	different	letters	
denote	significant	differences	(Tukey’s	HSD,	p	<	0.05)	—	les 
moyennes affectées de la même lettre ne sont pas significativement 
différentes au seuil de 5 % d’après le test de Tukey HSD.
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faba	 bean	 cultivars	 has	 been	 a	 slow	 process,	
mainly	 due	 to	 a	 lack	 of	 efficient	 screening	
techniques.	
The	 drought	 stress	 negatively	 affected	
all	 studied	 faba	 bean	 genotypes.	 Growth	
parameters	 (plant	 height,	 leaf	 area,	 shoot	 and	
root	fresh	weight)	of	the	cultivars	were	reduced	
under	 water	 deficit	 stress	 compared	 to	 the	
control,	which	may	have	been	due	to	the	loss	of	
turgidity	and	reduction	of	relative	water	content	
(Table 4).	 Drought	 challenge	 may	 decrease	
cell	 division	 and	 elongation,	 which	 can	 lead	
to	 reduction	 in	 plant	 height	 and	 leaf	 area.	
Similar	 results	 have	 been	 reported	 in	 several	
crop	 species,	 such	 as	 common	 bean	 (Emam	
et	 al.,	 2010).	 These	 data	 are	 in	 agreement	
with	 those	obtained	by	Siddiqui	et	al.	 (2015),	
revealing	 that	 faba	 bean	 growth	 performance	
was	affected	significantly	and	depends	on	 the	
level	of	water	deficit	stress.	Among	the	studied	
cultivars,	 drought	 drastically	 decreased	 leaf	
area,	shoot	and	root	fresh	weight	in	‘VIR	490’.	
This	 trend	may	be	 indicative	of	 sensitivity	 to	




(gs)	 and	 transpiration	 rate	 (E)	 and	 reduces	
growth	of	crop	plants	(Saeidi	&	Abdoli,	2015).	
In	the	present	study,	drought	stress	significantly	
affected	 these	 parameters	 in	 all	 studied	 faba	
beans,	 which	 is	 in	 line	 with	 previous	 results	
(Mwanamwenge	 et	 al.,	 1999).	 Significant	
differences	 were	 observed	 between	 studied	




Moreover,	 a	 genotypic	 variability	 in	 stomatal	
characteristics	 was	 found.	 ‘Hara’	 cultivar	
displayed	 higher	 water	 use	 efficiency	 (A/gs)	
than	 other	 cultivars,	which	may	be	 related	 to	
lower	gs	in	‘Hara’	under	severe	drought	stress	
conditions.	The	 high	A/gs	 observed	 in	 ‘Hara’	
cultivar	indicates	increased	capacity	for	water	
saving	 in	 comparison	 to	 others.	According	 to	
Ghaderi	&	Siosemardeh	(2011),	a	high	A/gs	ratio	
reflects	 an	 ability	 to	 maintain	 photosynthetic	
capacity	under	drought	stress	conditions	and	a	
better	drought	tolerance.	These	findings	could	
indicate	 that	 in	 faba	 bean,	 sensitive	 cultivars	
react	 to	 water	 availability	 by	 substantially	



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































performance	 under	 water	 shortage	 conditions.	 These	
facts	 are	 consistent	 with	 previously	 reported	 data	 in	
other	plants,	such	as	Glycine max	(Zhou	et	al.,	2013).	
Water	deficit	 significantly	decreased	 leaf	 stomatal	




by	 a	 decrease	 in	 CO
2
	 assimilation	 (Lu	 &	 Zhang,	
1998).	According	 to	 Fischer	 et	 al.	 (1998),	mesophyl	

















for	 photosynthesis	 parameters	 are	 in	 agreement	with	
earlier	reports	concerning	chickpea	(Mafakheri	et	al.,	
2010)	 and	 triticale,	 bread	 and	 barley	 (Roohi	 et	 al.,	
2013).	 Among	 the	 cultivars,	 ‘Hara’,	 with	 a	 higher	
stomatal	 control,	 was	 found	 to	 be	 more	 tolerant	 to	
drought	stress	than	other	faba	beans.	
Leaf	 relative	 water	 content	 (RWC)	 is	 the	
appropriate	 measure	 of	 plant	 water	 status	 in	 terms	
of	 the	 physiological	 consequence	 of	 cellular	 water	
deficit	(Yamasaki	&	Dillenburg,	1999).	In	the	present	
experiment,	 leaf	 RWC	 of	 all	 cultivars	 decreased	
significantly	 depending	 on	water	 deficit	 level,	which	
suggested	 differences	 in	 leaf	 hydration,	 leaf	 water	
deficit	 and	physiological	water	 status	 in	 the	different	
studied	 cultivars.	 This	 result	 strongly	 supports	
the	 findings	 of	 Siddiqui	 et	 al.	 (2015)	 in	 faba	 bean	
genotypes.	The	authors	suggest	that	the	differences	in	
RWC	in	all	genotypes	could	be	associated	with	 their	
capacity	 for	 water	 absorption	 from	 the	 soil.	Among	
the	 studied	 cultivars,	 ‘Hara’	 exhibited	 the	 highest	
RWC,	while	‘Triple	white’	had	the	lowest	RWC	under	
moderate	 and	 severe	water	 deficit	 stress.	 Leaf	 RWC	
remained	 similar	 under	 well-watered	 conditions	 in	
both	 cultivars	 (Table 4).	 These	 results	 indicate	 that	
‘Triple	 white’	 leaves	 lost	 water	 more	 than	 ‘Hara’	
during	 drought	 stress.	 The	 physiological	 analysis	 of	
RWC	 demonstrates	 that	 ‘Hara’	was	more	 tolerant	 to	
drought	 stress	 than	 the	 other	 studied	 plant	 material.	
In	 common	 bean,	 Türkan	 et	 al.	 (2005)	 reported	 that	
drought-resistant	cultivars	have	higher	leaf	RWC	than	
drought-sensitive	cultivars.	
In	 the	 present	 research,	 there	 was	 a	 significant	
decrease	 in	 the	 total	 chlorophyll	 amount	 due	 to	 the	
decrease	 in	 the	Chlb	 rate	 of	 all	 studied	 faba	 beans.	
Chlorophyll	 content	 loss	 in	 plants,	 including	 faba	
bean,	is	a	negative	consequence	of	water	deficit	stress	
(Siddiqui	et	al.,	2015).	Our	data	are	in	agreement	with	






Drought	 stress	 induces	 changes	 in	 metabolic	





(2012)	 reported	 that	 overproduction	 of	 proline	 in	
plants	exposed	to	various	environmental	stress	imparts	
stress	tolerance	by	maintaining	cell	turgor,	stabilizing	
membranes	 and	 bringing	 concentrations	 of	 reactive	
oxygen	species	(ROS)	to	normal	ranges.	In	this	study,	
proline	accumulation	was	significant	in	stressed	plants	
compared	 to	 the	 control.	We	 infer	 that	 accumulation	
of	proline	may	have	a	 role	 in	 tolerance	of	 faba	bean	
to	 drought	 stress.	 These	 facts	 are	 consistent	 with	
previously	reported	data	for	faba	bean	(Siddiqui	et	al.,	
2015),	 where	 drought	 tolerant	 genotypes	 accumulate	
more	proline	than	sensitive	genotypes.	
Soluble	 sugars	 are	 involved	 in	 various	metabolic	
events	 (Rosa	 et	 al.,	 2009).	 However,	 they	 also	 act	
as	 molecules	 regulating	 different	 genes	 involved	 in	
osmolyte	 synthesis	 in	 response	 to	 environmental	
stresses	 (Rosa	 et	 al.,	 2009).	Our	 results	 showed	 that	
soluble	 sugar	 content	 was	 positively	 influenced	 by	














It	 is	 well	 established	 that	 various	 environmental	
stresses,	 including	 drought,	 lead	 to	 excessive	






scavengers	 like	 catalase	 (CAT),	 ascorbate	peroxidase	
12 Biotechnol. Agron. Soc. Environ. 2017	21(2),	 Abid	G.,	Hessini	K.,	Aouida	M.	et	al.
(APX),	 superoxide	 dismutase	 (SOD)	 and	 guaiacol	
peroxidase	 (GPX)	 and	 non-enzymatic	 low	molecular	
metabolites	 such	 as	 α-tocopherol,	 carotenoids	 and	
flavonoids	(Uzilday	et	al.,	2012).
In	 the	 current	 study,	 in	general,	CAT,	APX,	SOD	
and	GPX	activities	augmented	with	 increasing	 levels	
of	water	deficit	 in	 all	 studied	genotypes.	At	30%	FC	
the	 highest	 enzyme	 activities	 of	 CAT	were	 noted	 in	
‘Hara’	and	‘VIR	490’.	On	the	other	hand,	‘VIR	2128’	
followed	by	‘Hara’	had	the	highest	GPX	activity.	The	
highest	 APX	 was	 found	 in	 ‘Local	 Beja’,	 followed	
by	 ‘Saber	02’	 and	 ‘Hara’	 at	 30%	 FC.	 Superoxide	
dismutase	 activity	 was	 also	 influenced	 by	 water	
deficit	stress	and	significantly	increased	under	drought	
stress,	 but	 its	 activity	 showed	 lower	 levels	 than	 in	
other	 antioxidant	 enzymes	 activities	 under	 control	
and	 drought	 stress	 treatments	 (Table 5).	Overall,	 the	
obtained	 results	 could	 suggest	 that	 the	 higher	 CAT,	
GPX	and	SOD	activities	may	be	 important	 in	giving	
‘Hara’	tolerance	to	drought	stress.	The	very	high	level	




in	 faba	 bean	 in	 response	 to	 drought	 stress	 (Siddiqui	
et	al.,	 2015).	 These	 authors	 found	 higher	 values	 for	
these	 enzymatic	 activities	 in	 tolerant	 genotypes	 ‘C5’	
and	‘Zafar	1’	than	in	sensitive	genotypes.
5. CONCLUSIONS
The	 studied	 faba	 bean	 genotypes	 significantly	
differed	 in	 their	 tolerance	 to	water	 deficit	 stress.	All	
agro-physiological	 and	 biochemical	 traits	 of	 faba	
bean	 cultivars	 are	 strongly	 influenced	 under	 water	
deficit	 stress.	However,	 the	 degree	 of	water	 shortage	
tolerance	depends	on	the	interactions	between	the	faba	
bean	cultivars	and	the	levels	of	water	deficit	stress.	We	
suggest	 that	 ‘Hara’	 cultivar	 could	 manage	 the	 water	
deficit	condition	better	than	other	studied	cultivars	by	
adjusting	 its	 gas	 exchange	 and	 stomatal	 control,	 and	
through	 its	 ability	 to	 accumulate	 proline	 and	 soluble	
sugars.	In	addition,	‘Hara’	developed	a	more	efficient	
antioxidant	 system	 to	 scavenge	 ROS	 than	 other	
cultivars	by	increasing	CAT,	APX	and	GPX	activities.	
Even	 though	 under	 well-watered	 conditions,	 ‘Hara’	
did	 not	 show	 the	 best	 grain	 yield	 potential,	 under	
water	deficit	stress	it	had	the	best	grain	harvest.	From	
the	 outcome	 of	 the	 obtained	 results,	 ‘Hara’	 cultivar	
could	 be	 considered	 as	 tolerant.	 For	 further	 study,	
this	genotype	can	be	used	as	a	basis	for	studying	the	
molecular	mechanisms	underlying	faba	bean	tolerance	
to	 water	 deficit	 stress	 and	 could	 be	 utilized	 in	 faba	
bean	 breeding	 programs	 to	 combine	 its	water	 deficit	
tolerance	 with	 other	 higher	 yield	 potential	 cultivars.	
Further	studies	are	needed	to	verify	the	response	of	the	
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